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Preface
In the near future the United States wi l l  need energy f  rom as many di f ferent sources as
poss ib le  to  fu rn ish  the  to ta l  amount  needed.  Wood has  two b ig  p luses  go ing  fo r  i t .  l t  i s
renewable, and i t  is fair ly c lean in the combust ion process.
I t  i s  impor tan t  ha t  we learn  a l l  we can about  the  growing  p lan ts  tha t  cou ld  fu rn ish  a
segment of our energy needs. For this reason, the conversion of sunl ight into stored chemical
energy is descr ibed in some detai l  in this publ icat ion.
Th is  i s  the  n in th  pub l i ca t ion  in  a  12-par t  energy  resource  ser ies  des igned fo r  the  ser ious
adu l t  and s tudent  w i th  an  in te res t  in  the  energy  s i tua t ion .  Each pub l ica t ion  in  the  ser ies
examines a di f ferent energy source and considers the advantages and disadvantages
associated with i ts use.
When necessary, diagrams and/or tables are used to clar i fy or elaborate upon
in fo rmat ion  found in  the  tex t .  Quest ions  w i th  answers  are  inc luded a t  the  end o f  each
publ icat ion so that you can test what you have learned.
The au thor  w ishes  to  thank  Lar ry  W.  Turner  and L inda Bach o f  the  Depar tment  o f
Agricul tural  Engineering, Universi ty of Kentucky, for reviewing the text.
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and Adult Energy Programs
9.
Introduction
In  AEES-25 So lar ,  i t  was  exp la ined tha t  on  each
clear day a quant i ty of energy equal to 56,000 t imes
the  annua l  energy  consumpt ion  o f  the  Un i ted  Sta tes
comes toward  the  ear th  f  rom the  sun.  The f i rs t  th ing
tha t  happens is  tha t  about  ha l f  o f  th is  energy  is
re f  lec ted  back  in to  space.  Of  the  remain ing  quant i -
ty,  part  is absorbed and re-radiated to space and
some goes to vaporiz ing water.
Research  ind ica tes  tha t  approx imate ly  one-
ten th  o f  1  percent  o f  the  or ig ina l  energy  en ters  in to
the  reac t ion  w i th  g reen p lan ts  in  the  photosynthes is
process .  In  the  Un i ted  Sta tes ,  a  hor izon ta lsur face  1
meter square receives an average of 200 watts of
energy  when the  sun sh ines .  We wi l l  now take  a  look
at this energy source and how i t  is put to use.
Bio-Fuels
Wood is  a  b io - fue l .  Th is  means tha t  i t  comes
f rom l i v ing  th ings .  Lawn grass ,  f ie ld  c rops  and
garden p lan ts  and f  lowers  a re  a l l  in  the  b io - fami ly  o f
l i v ing  th ings .  ln  fac t ,  there  is  no  d i f fe rence be tween
the  wood o f  today  and foss i l  fue ls  o f  aeons  ago,
such as  coa l  and o i l  except  t ime.  Mi l l ions  o f  years
ago a l l  foss i l  f  ue ls  were  lush  green p lan ts ,  th r iv ing
on nu t r ien ts  and mois tu re  in  the  ear th  and the
photosynthes is  p rocess .  These have long s ince  d ied
but have been preserved beneath the surface of the
ear th .  Ac tua l l y ,  the  wood o f  today  and the  foss i l
fue ls  o f  aeons  ago t race  the i r  o r ig in  to  energy  f  rom
the sun.  The p lan t ' s  t i ssue is  a  s to rehouse o f  some o f
th is  energy .  The energy  remains  to red  un t i l  p lan ts
are  ea ten ,  burned or  decayed,  thus  re leas ing  the
energy .  Decay  resu l ts  when mic robes  and fungus
d iges t  the  p lan t  t i ssue.
Throughout  h is to ry  man has  used b io - f  ue ls  as  a
source  o f  heat  energy .  When f i re  was d iscovered,
wood and any  o ther  d ry  p lan t  o r  an ima l  t i ssue were
used as  the  f  ue l .  Bu t  compared to  the  rad ian t  energy
co l lec to rs ,  water  tu rb ines  and w ind  genera tors ,
p lan ts  a re  very  ine f f  i c ien t  users  o f  so la r  energy .  One
reason fo r  th is  ine f f i c iency  is  the  shor t  g rowing
s e a s o n  o f  p l a n t s .  O n  t h e  o t h e r  h a n d ,  l i v i n g  p l a n t s
Wood
are  the  on ly  ear th ly  mechan isms tha t  can  d i rec t l y
conver t  the  rad ian t  energy  f rom the  sun in to  l i v ing
t issue for storage.
The convers ion  o f  sun l igh t ,  th rough many
steps, into chemical energy for storage is a second
reason for ineff ic iency. Man has not yet devised a
method o f  a r t i f i c ia l  photosynthes is .  Th is  does  no t
mean that i t  wi l l  not be done. The closest that man
has come to matching the process of photosynthe-
s is  has  been w i th  s i l i con  ce l l s  tha t  p roduce e lec-
tr ic i ty and then store i t  as chemical energy in
batter ies. This overal l  process is also ineff ic ient.
Apparent ly,  the storage of energy is the big problem
of most energy systems.
Photosynthesis
You should real ize what a vi tal  funct ion the
photosynthesis process plays, and has played for
pas t  aeons  o f  t ime,  in  our  p resent  l i v ing  process .
L iv ing  p lan ts  p rov ide  the  r igh t  ba lance o f  oxygen to
the  a tmosphere .
An imals  ea t  p lan t  food inc lud ing  grass ,  fodder
and gra in .  Man in  tu rn  consumes the  meat  o f
an ima ls  o r  o ther  an ima l  p roduc ts ,  such as  an imal
mi lk  and eggs .  Thus ,  the  photosynthes is  p rocess
furn ishes  us  w i th  oxygen,  food and most  o f  our
energy  or  foss i l  fue ls .
Every part  of  a tree or l iv ing plant of fers an
ex t raord inary  s tudy  in  exac tness  and ingenu i ty  o f
re la t ionsh ips .  From the  mic roscop ic  "ha i r "  roo ts ,
wh ich  one can ac tua l l y  watch  grow,  on  up  th rough
the  t runk ,  and ou t  th rough the  mul t i tude  o f  b ranches
to the leaf,  plants offer a person a l i fet ime of
in tense ly  in te res t ing  s tudy .  Each par t  depends on
a l l  the  o thers ,  and they  a l l  work  in  a  un ison tha t
overshadows the harmony of a great orchestra.
But  o f  a l l  the  par ts  o f  a  l i v ing  p lan t ,  the  lea f  has
been of greatest interest o man. History test i f ies to
man 's  long rea l i za t ion  tha t  the  leaves  o f  l i v ing  p lan ts
are  the  key  to  energy  and l i fe  on  ear th .  Hundreds  o f
years ago man did not have the sophist icated
ins t ruments  tha t  we have today .  But  tha t  d id  no t
s top  p lan t  researchers  f rom imag in ing ,  and fa i r l y
c lose ly  too ,  what  was go ing  on .  Any  l ib ra ry  o r
bookstore wi l l  have a great reservoir  of  information
on plant researchers'  observat ions and theories
through the ages. These make interest ing reading.
Many jun io r  and sen io r  h igh  schoo l  sc ience
books have excel lent,  i l lustrated discussions of
plants and the funct ion of their  leaves. Most en-
cyclopedias also cover the photosynthesis process.
These,  a long w i th  the  o ther  pub l i ca t ions  in  th is
series, help reveal the vi tal  l ink between photo-
synthesis and the l iv ing process.
There are some seemingly vi tal  things that man
could learn to l ive without,  such as natural  gas or
c rude o i l  (and in  the  nex t  25  to  50  years  th is  i s  qu i te
probab le) .  Bu t  jus t  suppose tha t  a l l  the  p lan ts
around the world were defol iated and remained that
way.  Soon,  a l l  an ima l  l i fe ,  inc lud ing  humans,  wou ld
per ish .  An imal  l i fe  cou ld  cont inue fo r  a  wh i le  on  the
residual food stored in plant t issue and on what
oxygen remained in the atmosphere. But even
though the  ear th  kept  tu rn ing ,  the  sun sh in ing ,  and
o i l ,  gas  and coa l  remained in  the  ear th ,  an ima l  l i fe
would cease to funct ion. whether f  rom food starva-
t ion or suffocat ion. Even combust ion-type ngines
would not work for lack of oxygen. Therefore, the
leaf plays a vi tal  part  in our l ives.
The process of the leaf using sunl ight to manu-
facture food is cal led photosynthesis.  The dict ion-
ary def ines photosynthesis as "putt ing together
w i th  l igh t . "  In  F igure  1 ,  a  g rea t ly  en la rged ske tch  o f
the cross sect ion of a leaf is shown. Actual ly,  there is
qu i te  a  lo t  o f  space ins ide  a  lea f  . The ins ide  o f  the
lea f  i s  the  hear t  o f  the  l i v ing  un iverse .  The upper
surface, the roof and lower surface, the f loor,  are
kept  apar t  by  co lumns o f  ce l l s  fo rming  a  space in  a
way simi lar to the great caverns of underground
coal mines and rock quarr ies.
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space between them. In this space are found atmos-
pheric air  and water.  The inside surface of the
pa l isade ce l l s  i s  coa ted  or  spr ink led  w i th  a  th in  layer
o f  much smal le r  ce l l s  ca l led  ch lo rop las ts .  Ins ide
these jel ly- l ike chloroplast cel ls are remarkable
molecu les  o f  a  g reen-co lo red  p igment  ca l led
ch lo rophy l l .  The spongy base ce l l s  have a  smal l
quant i t y  o f  ch lo rophy l la lso .  l t i s  th is  g reen-co lo red
p igment  ha t  g ives  leaves  the i r  g reen co lo r .
Plant scient ists have found that the composi-
t ion  o f  the  major i t y  o f  the  ch lo rophy l l  mo lecu les  is
CuuHrrMgNoOr. The cel l  structure of the roof of  the
leaf is fair ly t ransparent,  and so are the wal ls of the
pa l isade ce l l s .  On a  c lear  day ,  sun l igh t  f loods  these
ce l ls ,  l i ke  rooms bu i l t  w i th  sky l igh ts  in  the  ce i l ings ,
and in te rac ts  w i th  the  ch lo rophy l l  mo lecu les .
Water from the roots and carbon dioxide from
the a i r  a re  ga thered by  the  spongy ce l l s  and are
forced by  the  energy  in  sun l igh t  to  fo rm g lucose
inside the pal isade cel l .  Oxygen is given off  and
returns to the atmosphere through the stomate.
Water evaporates from the leaf and leaves as vapor,
leav ing  th rough the  s tomate .  Th is  ac t ion  causes  the
pumping force to br ing water from the roots to the
lea f  .There  are  thousands o f  these open ings  in  each
square inch of leaf.  Plant scient ists est imate that i t
takes 50 leaves of an apple tree to make one apple.
The in te rac t ion  o f  sun l igh t  and the  ch lo rophy l l
mo lecu le  i s  the  bas is  o f  photosynthes is ;  thus
ch lo rophy l l  i s  the  bas is  o f  p lan t  l i fe  and in  tu rn ,  i s  the
basis of animal l i fe on earth.
In  AEES-22 Def  in i t ions ,  a  descr ip t ion  o f  rad ian t
energy was given under Heat Translat ion. Heat,
l ight,  and radio waves, etc. ,  are forms of electro-
magnetic massless part ic les cal led photons. The
size or magnitude of the quant i ty of energy each
photon can convey (quantum) is a funct ion of i ts
frequency of v ibrat ion as i t  t ravels from the source
that emit ted i t .
Figure 2 shows the f  requencies of the ul traviolet
(UV) ,  v is ib le  and in f ra red  ( lR)  l igh t  por t ions  o f  the
ent ire electromagnetic spectrum. This f igure also
shows tha t  the  ch lo rophy l l  mo lecu le  absorbs
photons vibrat ing at f requencies in the blue-violet
and red-orange ranges but rejects, that is reflects,
those in the green range. This is the reason for the
green co lo r  o f  the  ch lo rophy l l .
Energy in electromagnetic radiat ion is in the
form of photons vibrat ing perpendicular to the
direct ions of t ravel,  and they travel at  the speed of
l ight,  186,000 miles per second or 300,000 ki lo-
meters per second. Photons, at this rate, t ravel f  rom
the sun to the earth in about I  minutes. Photons in
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Fig. 1.-A greatlyenlarged iagram olthe crosssection of a leaf.
The physical mechanism of the tree keeps the leaf topside up and
oriented toward the sun.
The upper port ion of the cell  column consists of
palisade cells, and the lower port ion consists of
spongy cells. The palisade cells form a nearly sol id
layer, while the spongy cells have quite a lot of
cf,ffiYu nail3
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Fig .  2 . -The re la t i ve  nergy  absorp t ion  o f  ch lo rophy l l  mo lecu les .
Th is  por t ion  o f  the .e lec t romagnet ic  spec t rum covers  v is ib le  l igh t .
The f requency  bands or  channe ls  tha t  cons t i tu te  the  co lo rs
bracket  the  co lo r  names.  Unders tand tha t  there  is  no  de f in i te
d iv id ing  l ine  be tween co lo rs ,  bu t  tha t  they  a l l  b lend gradua l ly  in to
each other. The numbers at the top give the frequency of
v ib ra t ion  o f  photons  a t  th is  po in t  o f  the  spec t rum,  in  cyc les  per
second,  inc reas ing  f  rom le f t  to  r igh t .  The ser ies  o t  numbers  a t  the
bottom give the wavelength at this point of the spectrum. Several
d i f fe ren t  un i ts  a re  l i s ted  tha t  a re  in  common use todav .  so  tha t  a
comparison of each can be made.
the  upper  f  r inges  o f  the  b lue  range have about  tw ice
the  energy  o f  photons  in  the  lower  end o f  the  red-
orange range.  Th is  i s  because the  f requency  is
about  doub le .  As  an  example ,  i t  may be  assumed
that  wh i le  a  red  photon  passes  an  ob jec t ,  say  an
e lec t ron ,  i t  may h i t  i t  once,  bu t  a  b lue  photon
pass ing  the  same ob jec t  a t  the  same ve loc i ty  ( the
speed o f  l igh t )  wou ld  h i t  i t  tw ice .  P lan t  sc ien t is ts
th ink  tha t  the  photons  in  the  b lue-v io le t  por t ion  o f
the spectrum are responsible for most of the work or
energy of the photosynthesis process.
Certain metals wi l l  emit  electrons when a cer-
tain color of l ight of  suff ic ient intensi ty is directed
aga ins t  them.  l t  i s  now known tha t  th is  e f fec t  i s
caused by  the  energy  in  the  photons  o f  the  l igh t .
Th is  phenomenon is  ca l led  the  "photoe lec t r i c
effect,"  a very descr ipt ive term.
This effect on var ious metals has been thor-
ough ly  s tud ied ,  revea l ing  tha t  some meta ls  respond
to  on ly  l igh t  o f  h igh  f requency  no  mat te r  how
intense. Others respond to low f  requency no matter
what the  in tens i ty  i s .  Th is  meanstha t  i t  i s theenergy
or  v ib ra t ion  o f  the  photon  and no t  the  number  o f
them, that is,  intensi ty that causes the effect.  l f  a
photon  has  enough energy  when i t  h i ts  an  e lec t ron ,
i t  can  l i f t  i t  to  a  h igher  o rb i t  o r  comple te ly  away f  rom
the nuc leus .  l f  the  energy  o f  the  photon  was la rge
enough,  tha t  i s ,  had a  h igh  enough f requency ,  i t
would force the electron away with extra energy,
and i t  wou ld  show up as  k ine t ic  energy  in  the
veloci ty of the electron. When the frequency of the
photon is suff  ic ient to d is lodge the electron and g ive
i t  added k ine t ic  energy  o f  ve loc i ty  away f rom the
nuc leus ,  then an  inc rease in  l igh t  in tens i ty  on ly  adds
more  d is lodged e lec t rons .  l t  does  no t  add to  the
k ine t ic  energy  o f  any  one o f  them.
Now the  same th ing  happens when a  photon
s t r i kes  an  e lec t ron  o f  the  ch lo rophy l l  mo lecu le .  l f
the  photon  has  enough energy ,  i t  can  knock  the
e lec t ron  comple te ly  away f rom the  molecu le .  Two
th ings  are  now apparent .  A  mov ing  e lec t ron  is  an
e lec t r i c  cur ren t .  Hav ing  i t  d is lodged f rom a  mole-
cu le  changes the  e lec t ros ta t i c  va lence or  a t t rac t i ve
fo rces  o f  the  molecu le  o r  o f  the  a toms tha t  make up
the  molecu le .  Th is  resu l ts  in  qu i te  a  complex  cha in
o f  reac t ions .  The ch lo rophy l l  and o ther  enzymes
act ing  as  ca ta lys ts  eventua l l y  resu l t  in  the  c rack ing
of  the  water  and carbon d iox ide  molecu les  in  the
rooms of the leaf . The overal l  equat ion is:
sun l i gh t  and  the
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carbon water
d iox ide
ch lo rophy l l  mo lecu le
f  n  the  sec t ion  "Combust ion"  in  AEES-22 Det i -
n i t ions ,  an  equat ion  s imi la r  to  th is  i s  g iven  fo r  the
burn ing  o f  a  hydrocarbon fue l .  As  the  molecu le  o f
CuH,o  (gaso l ine)  c racks  and the  par ts  jo in  w i th
oxygen to  fo rm carbon d iox ide  and water ,  energy  in
the  fo rm o f  heat  (h igh ly  exc i ted  molecu les)  i s  g iven
of f  .  Each gram o f  carbon d iox ide  g ives  2 ,100 Ca lo-
r ies ,  and each gram o f  water  g  i ves  3 ,800 Ca lor ies .  In
the  above equat ion  the  reverse  is  happen ing ,  s im i la r
to  charg ing  a  ba t te ry .  l t  takes  the  same energy  per
gram to  check  the  smal le r  mo lecu les  o f  carbon
d iox ide  and water  and fo rm the  la rger  mo lecu le  o f
g lucose,  p lus  some ex t ra  energy  fo r  ine f f i c ienc ies .
Energy  is  s to red  in  the  g lucose molecu le .  Th is
is  known as  chemica l  energy .  The a t t rac t ion  fo rces
ho ld ing  the  a toms o f  carbon,  hydrogen and oxygen
together  in  the  g lucose molecu le  a re  no t  as  s t rong
as the attract ion of carbon for oxygen or hydrogen
for oxygen. l t  does take some force, however,  to
break  up  the  g lucose molecu le .  When th is  happens,
the  p ieces  w i l l  au tomat ica l l y  fo rm carbon d iox ide
and water  when prov ided w i th  p len ty  o f  oxygen,
such as  in  combust ion .  Th is  i s  because the  a t t rac-
t ive forces are greater.
Here  is  an  ana logy .  Compare  the  chemica l
s i tua t ion  to  ob jec ts  l i ke  s tones .  Gather  a  bucket  o f
smal l  s tones ,  rocks  or  g rave l .  Use a  mechan ica l
w inch  and human e f fo r t  to  ra ise  the  bucket  50  fee t .
C 6 H 1 2 0 6  +  6  0 2
grucose
(suga r )
The bucket of stones now has increased potent ial
energy. l f  you were to t ie the rope to other smal ler
objects,  each would be l i f ted as the larger bucket
came down. l f  the bucket were released and al lowed
to fal l ,  crashing into the earth, an attempt could be
made to harness the noise and heat generated by
the impact.
ln  s imi la r  fash ion ,  i t  takes  energy  to  sp l i t  o r
c rack  the  water  and carbon d iox ide  molecu le  and
knock  a  h igh  energy  possess ing  e lec t ron  f rom the
chlorophyl l  molecule; thus forcing together water
and carbon d iox ide  in  the  fo rm o f  a  sugar  mo lecu le .
I t  i s  l i ke  ra is ing  the  par ts  to  a  h igher  loca t ion ,  thus ,
g iv ing  them greater  po ten t ia l  energy  or  l i ke  w ind ing
up a  rubber  band to  power  a  mode l  a i rp lane.  The
energy to form the sugar molecule came from the
vas t  number  o f  h igh  energy  photons  tha t  came
direct ly from the sun. In this way, actual forces
(electrostat ic) are stored up and can be released to
fal l  to lower levels and give up energy (heat) when
they  co l l ide .  B iochemis ts  and nuc lear  eng ineers
measure these forces in electron vol ts (ev) and
predict  the heat energy needed or given up in
various react ions.
In the case of fossi l  fuels,  the energy has been
preserved for aeons. You can tr igger the release of
port ions of this mater ial  and use i t  at  any rate. For
instance, i f  a greater quant i ty of heat from a wood
stove is desired per hour,  more pieces of wood can
be added per  hour .  The t r igger ing  mechan ism
occurs  when bo th  the  vapor iza t ion  and k ind l ing
temperature are reached, thus breaking up the large
hydrocarbon or  sugar  mo lecu le .  The par ts  fa l l
toward oxygen in the air  because they are attracted
by electrostat ic forces to form carbon dioxide and
water again.
Now,  take  an  example  o f  a  la rge  rock  a top  a
h igh  c l i f f  .  l f  you  cou ld  push the  rock  over  the  edge,
grav i ty  wou ld  do  the  res t .  l t  takes  some e f fo r t  to
d is lodge the  rock  f  rom the  c l i f f ,  so  i t  w i l l  be  f ree  to
f  a l l  to  the  bo t tom.  Th is  i s  the  way i t  i s  w i th  a  g lucose
molecu le .  l t  takes  some e f fo r t  o r  energy  to  d is lodge
atoms tha t  a re  res t ing  together ,  s im i la r  to  the  rock
res t ing  on  top  o f  the  c l i f f  .  Bu t  when they  are  fo rced
apart ,  they move to the greater attract ion of carbon
to oxygen atoms, and hydrogen to oxygen atoms,
jus t  l i ke  the  rock  to  the  a t t rac t ion  o f  the  ear th  be low.
These are  ana log ies .  Because they  are  ana lo -
g ies ,  these examples  may ra ise  more  ques t ions  than
answers  fo r  some peop le .  The ob jec t  i s  to  show tha t
chemical energy consists of electrostat ic forces
or  pos i t i ve  and negat ive  charges .  The nuc lear
phys ic is t  and b iochemis t  use  the  same mathemat i -
ca l  fo rmulas  to  so lve  prob lems as  are  used by  the
mechan ica l  eng ineer .  The ob jec ts  they  work  w i th
are  inc red ib ly  smal l ,  bu t  the  number  o f  ob jec ts  and
the  ve loc i t ies  a re  inc red ib ly  g rea t .  The resu l ts  a re
the  same.
Bio-Energy Chain
Try  to  imag ine  a  wor ldwide  mechan ica l  sys tem
bui l t  on the bucket and rope method. Theoret ical ly,
i t  can  be  done,  a l though i t  wou ld  be  ex t remely
cumbersome. lmmediately you can see that lots of
peop le  wou ld  be  needed to  keep w ind ing  up  the
winches .  You a lso  can see tha t  i t  wou ld  take  more
input energy than you could get out.
You can mental ly grasp the great amount of
effort  i t  would take to raise enough buckets fast
enough to  keep a l l  the  e lec t r i c  Aenera tors  and
veh ic les  go ing .  You wou ld  keep pour ing  th is  energy
in, but i t  would not come back. Where does i t  go?
Ult imately,  the use of energy results in heat.
This heat is radiated to space, and as far as the earth
is concerned, i t  is lost forever.  This does not violate
the  laws o f  thermodynamics .  Th is  heat  i s  s t i l l  i n  the
un iverse .  However ,  i t  i s  in  a  fo rm and p lace  tha t  man
cannot regather and use.
Energy, l ike gravi ty,  as far as we are concerned,
is a one-way street.  Energy f  lows one way. l t  comes
by in  smal l  bund les  (quanta) ,  passes  on ,  and never
re tu rns .  Humans use an  inc red ib ly  smal l  por t ion  o f
the  to ta l  f  low.  There  must  be  an  immense source  to
keep the  sys tem go ing .  That  i s  where  the  sun f i t s
in to  the  p ic tu re .  Even though i t  changes mi l l ions  o f
tons  o f  mass  in to  energy  (photons) ,  each second i t
has such a great total  mass, that pdrcent-wise the
exchange is  ex t remely  smal l .  Bu t  even the  sun is
f in i te .  A t  some t ime in  the  fa r  d is tan t  fu tu re ,  i t s  mass
loss  w i l l  become s ign i f  i can t ;  the  sun w i l l  change and
cease to  emi t  sun l igh t .
By nature, the energy system of the universe is
very  ine f f  i c ien t .  Look  a t  F igure  3 .  The energy  ou tpu t
of the sun is great but,  as di f ferent steps are
inc luded,  on ly  a  smal l  amount  o f  the  to ta l  f low is
captured or harnessed for usef ul  work on earth.
The l i v ing  p lan t  mechan ism is  s imi la r .  There  are
many s teps  invo lved in  ge t t ing  the  energy  o f  the
photons  tha t  s t r i ke  a  ch lo rophy l l  mo lecu le  in to  the
human body  t i ssue to  enab le  humans to  be  ac t ive  a t
what  they  want  to  do .  The source  o f  supp ly  o f  these
photons  is  immense and cons tan t .  Th is  i s  ac tua l l y
what keeps l i fe,  as we know i t ,  on the move.
I t  i s  use fu l  to  know someth ing  o f  the  overa l l
e f fec t  o f  the  b io - f  ue l  cha in .  Assume tha t  on  an  acre
(208 feet square) of the earth's surface in Kentucky,
approx imate ly  8  b i l l i on  Btu  per  year  o f  rad ian t
Fts. 3.-rh is .,"r,.;', *;;,':;^";:,, - *."-n ract or en ersy
loss  when chang ing  from one fo rm to  another .  The d i f fe rence in
the levels of the tops of the curves at each change in form
represents energy lost to the outside universe; this can never be
captured and used. The vastness ol the source A makes possible
the  func t ion  o f  G.
energy comes f  rom the sun. A very smal l  f  ract ion of
th is  i s  cap tured  by  l i v ing  p lan ts ,  a round 1  percent  o r
80  mi l l ion  Btu .  The res t  i s  los t  to  p lan t  use  by
ref lect ion, radiant heat and evaporat ion of moisture.
Of  the  80  mi l l ion  Btu ,  some must  be  consumed
in  the  p lan t  metabo l ism process ,  jus t  as  an  an imal
uses  energy  in  s tay ing  a l i ve  and produc ing  body
heat.  Large trees l i f t  100 to 200 gal lons of water each
day. l t  is est imated that about 25 percent of a plant 's
energy  goes  fo r  i t s  l i v ing  process  a lone.  On ly  about
60 mil l ion Btu are converted into plant t issue.
Animals grazing on pasture grass waste about
half  of  the grass for var ious reasons. This cuts the 60
mi l l ion  Btu  to  30  mi l l ion .  One meat  an ima l  w i l l  use  90
percent or more of the plant food in i ts own l iv ing
process or metabol ism. The plant food must bui ld
and main ta in  a  bone s t ruc tu re  to  car ry  the  an imal ' s
we igh t ,  h ide  or  sk in  fo r  the  an imal ' s  body ,  as  we l l  as
energy  fo r  d iges t ing  the  p lan ts ,  fu rn ish ing  body
heat ,  and pumping  hundreds  o f  ga l lons  o f  b lood
through the circulatory system. A large percent of
the  p lan t  mater ia l  passes  on  th rough the  an imal ' s
d iges t ive  sys tem as  manure .  There  are  some inputs
o f  energy  f rom o ther  sources  l i ke  the  a tmosphere
(brea th ing)  and dr ink ing  water .  Th is  must  be
summed up in the total  process.
When an an imal  i s  s laughtered ,  a  la rge  percent
of the carcass is nonedible by humans. In fact,  less
than 10 percent of the animal is consumed.
The eff ic iencies of each step of energy trans-
formation in the food chain iust discussed are
mult iples, not addit ives. The fol lowing steps show
what  happens to  the  or ig ina l  8  b i l l i on  Btu  reach ing
the acre of soi l .
8,000,000,000 Btu x .01 ,  80,000,000 Btu received by plant  leaves
80,000,000 Btu x .75 -  60,000,000 Btu converted to p lant  t issue
60,000,000 Btu x .50 -  30,000,000 Btu eaten by beef  animals
30,000,000 Btu x .10 .  3,000,000 Btu converted to animal  t issue
3,000,000 Btu x .10 = 300,000 Btu ingested by humans
Rather than l ist ing these steps in table form, the
eff  ic iency of the ent ire process or food chain could
be on  a  s ing le  l ine  s ince  e f f i c ienc ies  are  mul t ip les :
8 , 0 0 0 , 0 0 0 , 0 0 0  B t u  x . 0 1  x . 7 5  x . 5 0  x . ' 1 0  x . 1 0  =
300,000 Btu.
Some p lan ts  have the  inherent  capab i l i t y  o f  a
h igher  p roduc t ion  e f f i c iency  than o thers .  The
young plants of most species fal l  in this category.
From this,  one would deduce that t ree species that
gain rapidly during the f i rst  few years are more
des i rab le  fo r  a  wood lo t .  l f  a  s ing le  c rop  is  conf ined
to a smal l  acreage year after year,  the area becomes
burdened with disease and parasi tes, which make
management more di f f icul t .  In spi te of these di f f i -
cul t ies, a wel l -managed tree farm may produce
some useful  energy. l t  would take place in the
fol lowing way provided al l  the factors al lowed i t  to
work.
A Wood Energy Plant
Assume that a large tract of  land could be
obta ined,  say  2 ,000 acres .  Even i f  i t  i s  qu i te  h i l l y ,  the
trees could be planted and harvested. Agricul tural
eng ineers  wou ld  have a  b ig  hand in  des ign ing  the
machinery and harvest ing methods; forest scien-
t ists would devise the type of t rees and the plant ing
schedu le .
Assume that major growth took place in four
years so that one-f  ourth of the 2,000 acres would be
harvested each year and consumed in the boi lers.
One cou ld  assume a lso  tha t  each acre  wou ld  y ie ld  5
cords  o f  a  rap id  g rowing  spec ies  under  the  r igh t
condit ions and that each cord averages about
20,000,000 Btu. This is 100,000,000 Btu per acre,
which totals 50 bi l l ion Btu per year.
A large electr ic generat ing plant only operates
about  20  percent  o f  the  t ime a t  fu l l  capac i ty .  l t
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would  burn  f  ue l  a t  a  h igh  or  max imum ra te  o f  on ly  20
percent of the year,  or about 2,000 hours. The rest of
the t ime i t  may be close to an idle rate or at least a
grea t ly  reduced ra te .  The 50  b i l l i on  quant i t y  d iv ided
by  2 ,000 hours  i s  25  mi l l ion  Btu  per  hour  capac i ty .
Since 2,600 Btu equal t  hp, theoret ical ly we have a
plant that produces at a 9,600 hp per hour capacity.
Taking an overal l  average eff ic iency of 20 percent,
from raw fuel ( t rees) to electr ic i ty on the l ine, this
amounts  to  1 ,920 usab le  e lec t r i c  hp  to  consumers .
Put t ing  th is  back  in to  e lec t r i c  te rms where  each hp
is equal lo 746 watts,  this plant puts out 1,432,000
watts or 1.43 megawatts.
This is not a great deal of  power as power plants
go. Many smal l  generat ion systems produce 15 to 25
megawatts.  l f  one considers that the land might not
be used for other crop product ion anyway, and that
the energy source is renewable, this type of energy
source  may be  feas ib le  as  one o f  many op t ions .  Th is
type of fuel  causes very l i t t le pol lut ion and many
such p lan ts  cou ld  be  sca t te red  around,  pu t t ing  the
generat ion of energy close to the consumer.
Wood Heating in the Home
There  is  now a  lo t  o f  in te res t  in  us ing  wood fo r
supp lement ing  the  main  source  o f  heat  fo r  the
home.  The main  heat ing  source  may be  na tura l  gas ,
o i l ,  coa l  o r  e lec t r i c  heat .  Wood can be  burned in
homes w i th  bu i l t - in  o r  f  rees tand ing  f i rep laces ,  o r  in
wood stoves. In any case, one thing is certain: plenty
of f ree draft  (combust ion air)  must be al lowed or
very disagreeable results appear.
With the great di f ference in temperature from
the a i r  near  the  f  i re  to  the  ou ts ide ,  the  a i r f  low ra te  up
a chimney (smoke stack) is about 500 feet per
minute  or  about  5 .7  mph.  l f  a  ch imney is  8  fee t  in
diameter,  i t  has a cross-sect ion area of 50 square
inches  or  0 .35  square  fee t .  A i r  mov ing  th rough th is
a t  500 fee t  per  minu te ,  c rea tes  a  vo lume o f  175 cub ic
feet per minute, or 10,470 cubic feet per hour.  Each
13 cub ic  fee t  i s  about  1  pound o f  a i r ,  and i t  takes  0 .24
Btu  to  ra ise  1  pound o f  a i r  1 'F .  The tempera ture  o f
the  a i r  w i l l  be  ra ised  a  to ta l  o f  70oF.  Mu l t ip ly ing  a l l
these together one has:
10'470 
x o.24 x7o = 13,524 Btu per hour
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This is the amount of heat taken f  rom the room
whi le  a  f i rep lace  burns ,  i f  the  room a i r  tempera ture
is  ma in ta ined a t  about  70"F ,  and i t  i s  near  OoF
outside. To get the open f i replace to draw sat is-
fac to r i l y  and no t  smoke up  the  room,  an  open ing ,
usual ly a window, must be provided to at least equal
the cross-sect ion area of the chimney.
Bui l t - ln Fireplaces
Bu i l t - in  f i rep laces  can prov ide  near ly  a l l  com-
bus t ion  a i r  by  means o f  an  open ing  th rough the
back  o f  the  combust ion  chamber  to  the  ou ts ide .
F i reo laces  in  basements  and in  in te r io rwa l ls  cannot
take advantage of this without elaborate duct work
or must take air  f rom the room for combust ion.
Some bu i l t - in  f i rep laces  and most  f rees tand ing
f ireplaces, l ike the Frankl in and pot bel ly stoves,
have doors  tha t  when c losed,  l im i t  the  dra f t  by
lett ing combust ion room air  enter just below the
gra te  th rough t iny  ad jus tab le  open ings .  In  add i t ion ,
the freestanding type offers a lot  more surface area
that when warmed by the f  i re inside radiates heat to
the  room.  ln  add i t ion ,  room a i r  i s  warmed by
conduct ion when i t  comes in contact with the heat
o f  the  f  i re .  Th is  a i r  in  tu rn  c i rcu la tes ,  by  d i f fe rence in
density,  and carr ies heat to other parts of the room.
This is known as convect ion heat ing.
Bu i l t - in  f i rep laces  are  usua l ly  o f  th ick  masonry
cons t ruc t ion .  Th is  becomes warm and rad ia tes  to
the room, but bui l t - in f i replaces do not have the
inherent surface area of the f  reestanding types. The
bu i l t - in  f i rep laces  can have chambers  bu i l t  in  the
masonry, c lose to the combust ion area. This al lows
room air  to enter and be warmed and return to the
room.  Th is  i s  a lso  convec t ion  heat ing .  Th is  type  o f
cons t ruc t ion  must  be  p lanned dur ing  cons t ruc t ion
of the f i replace because i t  is pract ical ly impossible
to add afterward.
Freestanding Fireplaces
In the freestanding type, as heavy a mater ial  as
poss ib le  shou ld  be  used in  the  f lue  or  smoke p ipe ,
espec ia l l y  f  rom the  top  o f  the  s tove  to  the  ce i l ing  as
th is  ge ts  ex t remely  ho t .  L igh t  o r  th in  mater ia l  w i l l
eventua l l y  burn  th rough.  Approved doub le-  o r
t r ip le - l ined  f lues  must  be  used th rough the  ce i l ing
and roof for safety.  Regular galvanized-type smoke
orch imney p ipe  may be  used ou ts ide ,  bu t  an  annua l
check  shou ld  be  made o f  th is  mater ia l  to  see tha t  i t
has not rusted through.
To ge t  max imum ef f i c iency f rom a f rees tand ing
f i rep lace ,  such as  the  Frank l in  s tove ,  you  shou ld
operate i t  with the doors closed and the draft
ad jus ted  by  the  smal l  open ing  a t  the  bo t tom o f  the
doors. Operated in this fashion there is less chance
of  smoke sp i l l i ng  ou t  in to  the  room.  To prevent
occas iona l  sp i l l i ng  o f  smoke,  make sure  a  b r isk ,
hot  f i re  i s  go ing  be fore  add ing  new fue l .  Th is  may
enta i l  the  use  o f  lo ts  o f  d ry ,  eas i l y  combusted  fue l .
Sp l i t t ing  a l l  la rge  p ieces  w i l l  he lp  immense ly .  A f te r  a
few weeks or months of use, you wi l l  d iscover the
best ways to manage the avai lable fuel  and the
f  i rep lace .
You can make several  adjustmentsto the smoke
pipe above the freestanding f i replace or stove to
reduce the  amount  o f  heat  exhausted  and he lp  i t  pu t
more  heat  in to  the  room.  The dua l ,  c i rc le  o r  dough-
nut technique is sometimes used. A ' tee'  is at tached
to  the  s tove  ou t le t ,  then a  c i rc le  o r  doughnut  i s
fashioned of four elbows, and these are rejoined by
a tee  to  the  ou ts ide  p ipe  jus t  be low the  ce i l ing .  The
circle great ly increases the hot metal  surface area,
and i t  radiates heat back into the room.
To increase the exhaust pipe area, add a smal l
d rum or  bar re l  in  p lace  o f  the  c i rc le  o f  p ipe .  Ins ide
the drum, place baff  les to direct the hot gases back
and forth against he outside surface. The outside of
the barrel  gets hot.  l ts large surface can radiate
quite a lot  of  heat into the room.
You also can use several  z igzags in the exhaust
p ipe  be tween the  s tove  ou t le t  and the  ce i l ing .  l f  the
cei l ing is 8 to 10 feet in height,  several  extra feet of
exhaust pipe can be placed in the room before
ex i t ing  th rough the  ce i l ing .  Because o f  the  unsym-
metr ical ly added weight between the zigs and zags,
bracing may be needed to prevent col lapse.
A no te  o f  cau t ion  is  in  o rder .  Wi th  innovat ions
such as these to increase heat input to a room, the
temperature of the exhaust gases is lowered. Con-
densat ion of the creosote onto the inner surface of
the  smokestack  is  a  poss ib i l i t y .  The depos i ted
creosote can catch f i re under certain circum-
s tances ,  resu l t ing  in  a  roar ing  f i re  in  the  ch imney.
Refer to AEN-20, at your local Extension off ice for
more information on this subject.
Consider Chimney Height
The overa l l  he igh t  o f  the  ch imney is  impor tan t ,
mainly the part  that extends above the roof.  As long
as the exhaust gases inside the smokestack are
hotter than the air  outside, the draft  on the f i replace
or stove wi l l  be act ive. But after these gases travel
th rough 3 to  5  fee t  o f  th in  p ipe  above a  roo f  on  a  co ld
day  the  e f fec t  i s  min imized.  The top  o f  the  ch imney
shou ld  be  a t  a  po in t  where  the  preva i l ing  w ind  b lows
horizontal ly.  l f  the wind passes a tal l  house next
door  o r  a  h igher  por t ion  o f  roo f  on  the  same house,
there  cou ld  be  a  down dra f t  on  the  ch imney.  Th is
has a negat ive effect when the f  i replace is operat ing.
No se t  he igh t  can  be  es tab l i shed fo r  a  g iven
loca t ion ,  bu t  much thought  and s tudy  shou ld  be
given to this factor.  l t  may be that an ent irely
d i f fe ren t  loca t ion  w i th in  the  house w i l l  e l im ina te
some o f  the  exhaust  p rob lems.  An ex t remely  ta l l
stack is not sat isfactory f  rom a construct ion stand-
po in t ,  and a lso  in  regard  to  w ind  brac ing  and
maintenance. Tal l  stacks tend to condense some of
the  gases  in to  so l ids ,  such as  c reosote  wh ich  s t i cks
to the sides of the smoke pipe and becomes a f i re
hazard.
Although i t  is not necessary, a wind cap or
sh ie ld  i s  very  he lp fu l  in  p revent ing  unpred ic tab le
down dra f ts  caused by  gus ty  w inds  wh ipp ing
around ad jacent  bu i ld ings  and roo fs .  Th is  cap is
very effect ive in el iminat ing most moisture from
enter ing  the  s tack .  When ins ta l led  cor rec t ly  i t  w i l l
not adversely affect the operat ion of the f i replace.
Effect ive caps can be made, or they can be pur-
chased ready-for- instal lat ion from most hardware
stores.
In fo rmat ion  on  f i rep laces  and ch imney con-
struct ion can be obtained from your local Coopera-
t i ve  Ex tens ion  o f f i ce ;  the  agent  can probab ly
recommend several  other sources of inf  ormation as
wel l .
An  exce l len t  pub l i ca t ion ,  "Burn ing  Wood, "  a lso
can be obtained at your local Extension off ice. l t
contains many useful  facts on di f ferent types of
wood-burn ing  dev ices  and where  to  p lace  them,  and
how to operate them for best ef f ic iency and safety.
The Economics of Wood-Burning Fireplaces
Many peop le  have purchased f rees tand ing  f i re -
p laces  and wood-burn ing  s toves  in  the  las t  few
years. Also, many homeowners have contracted to
have a  bu i l t - in  f i rep lace  added to  the i r  p resent
house. Before the energy cr is is of 1973, f i replaces
were intended for looks and occasional use for the
aes the t ic  va lue  o f  the  open f i re .  The on ly  requ i re -
mentwastha t  a f i rep lace  d id  no tsmoke up  the  room
when used.
Now ser ious  thought  i s  g iven  to  mak ing  the
f i replace or stove an economic part  of  the heat ing
system, usual ly as a supplement to the main system.
What are the factors involved i f  the use of wood is to
be b ig  enough to  e f fec t i ve ly  reduce the  annua l
heat ing  b i l l?
F i rs t  o f  a l l ,  the  annua l  heat  requ i rement  fo r  the
house must  be  ca lcu la ted .  Th is  can be  done by  the
fo l low ing  genera l  ru le .  Annua l  heat  requ i rement
quant i t y ,  Q,  equa ls  the  area  o f  l i v ing  space,  t imes
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the  heat  in  B tu  fo r  each square  foo t ,  t imes the
degree days for your locat ion. As a mathematical
fo rmula  th is  i s :
Q = A x  B t u  x D d
It2
In  Kentucky ,  the  number  o f  degree days  is
between 3,000, along the southern border,  to 5,000
along the northern border,  an average of 4,000. This
is  ob ta ined by  mul t ip ly ing  the  number  o f  days  your
locat ion is below a set standard of say 70oF. For
example ,  i f  you  have 100 days  o f  w in te r  a t  an
average o f  40"F ,  wh ich  is  30 'F  be low the  s tandard ,
you mul t ip ly  the  de f ic iency  o f  30  x  1OO for  3 ,000
degree days that winter.  A good average heat
requirement per square foot of  f loor space of a
house bu i l t  in  the  las t  15  years  i s  30  Btu  per  square
foo t .  l f  the  house is  except iona l l y  we l l - insu la ted ,  the
number  cou ld  be  much lower .  l f  there  is  very  l i t t le  o r
no  insu la t ion ,  i t  cou ld  be  up  to  45 .  In  the  fo l low ing
example ,  30  w i l l  be  used.
Assume a  s ing le  s to ry  house has  1 ,200 square
feet of l iv ing space. The formula becomes:
Q = 1,200 x 30 x 4,000 = 144,000,000 Btu per year
l f  you  p lan  to  reduce your  annua l  convent iona l
w in te r  fue l  need,  Q,  by  one- four th  and supp lement
this with wood fuel,  you need to supply 36,000,000
Btu .  Refer  to  the  fo l low ing  tab le  fo r  the  heat  fu r -
n ished per  cord  o f  var ious  k inds  o f  wood.  Most  o f
these average about 20,000,000 Btu per cord, so you
must  have 1 .8  cords  on  hand.  A  cord  o f  wood is  a
s tack  4  fee t  h igh  and 8  fee t  long .  l f  you  are for tunate
enough to  have a  lo t  o f  sc rap  wood ava i lab le  o r  can
cut  your  own,  th is  example  w i l l  pay .  l f  ,  however ,  you
have to  pay  to  have fue l  wood de l i vered ,  i t  w i l l
probably be too expensive.
I t  i s  fo r tunate  tha t  the  burn ing  o f  most  k inds  o f
d ry  wood produces  no  harmf  u l  exhaust .  Of  course ,
the  ho t te r  the  combust ion  area  is  kept ,  the  more
comple te  the  burn ing  w i l l  be .  Un l ike  coa l  o r  o i l f  ue ls ,
wood produces no sulfur in the exhaust;  however,
there wi l l  be ashes. On the basis of weight,  wood
f ires leave a relat ively smal l  amount of residue.
l f  you  l i ve  on  a  c i ty  lo t ,  the  bes t  th ing  to  do  is  to
spread the  ashes  on  a  garden spot  o r  f lower  bed as
they  are  a  source  o f  fe r t i l i za t ion ,  and they  can be
returned to the recycl ing process. You can bury
ashes  harmless ly  in  a  yard  by  d igg ing  success ive
holes and resodding over them. By a system of
rotat ion al l  ashes from a home can be buried
cont inuous ly  w i thout  damaging  a  yard .  Or ,  you
cou ld  pack  them fo r  a  fa rmer  to  p ick  up ,  o r  you
cou ld  de l i ver  them to  another ,  la rger  garden spot .  In
some ins tances ,  the  ashes  may be  used by  commer-
cial  factor ies to make soap.
Heat obtained per cord of various species of wood
Btu per Cord
(m i l l i ons )
Green
1 6
1 7
1 7
1 3
1 4
2 1
1 7
1 8
1 4
Ash
Beech
Bi rch
Doug las  F i r
E l m
Hickory
Maple
Oak
Pine  (Southern  Ye l low)
Dry
20
22
2 1
1 8
1 7
25
20
22
20
1 .
Quest ions
To s t imu la te  thought  and grea ter  unders tand ing ,  answer  these ques t ions  w i th  the  bes t  word(s )  to  make a
true statement.  Refer to the mater ial  when necessarv.
How much sun energy per square meter comes to the United States each day?
What  i s  photosynthes is?
How much o f  the  or ig ina l  sun  energy  ac ts  in  the  photosynthes is  p rocess  o f  g reen p lan ts?
ls  wood any  k in  to  Kentucky  b luegrass ,  corn ,  cau l i f  lower  o r  roses?
ls  f i rewood,  cu t  to  f i t  a  f i rep lace ,  any  k in  to  coa l?
?
4 .
1 1
6. Give two reasons why plants are ineff ic ient converters of solar energy.
7. NJame two vi tal  things that the photosynthesis process does for us today and has done in the past.
8 .  l s  the  use  o f  wood conf ined to  p roduc ing  energy  in  the  fo rm o f  heat  fo r  homes?
9.  What  a re  two good reasons  fo r  u t i l i z ing  b io - fue ls  as  one source  o f  energy?
10.  Why is  energy  consumed when humans ea t  p lan ts  ra ther  than an imal  t i ssue? (Th ink  th rough the  to ta l
system before answeri  ng.)
11 .  Can wood and o ther  fo rms o f  b io - f  ue ls  be  economica l l y  used to  heat  homes?
12.  What  p recaut ions  must  be  taken in  loca t ing  and ins ta l l ing  a wood f  i re  ch imney?
13.  What  can be  done to  ch imney sys tems to  make them produce more  heat?
14.  What  can be  eas i l y  done to  a  Frank l in - type  wood burner  to  make i t  p roduce heat  more  e f f i c ien t ly?
15.  Which  s teps ,  i f  any ,  in  the  food cha in  o f fe r  the  grea tes t  poss ib i l i t i es  fo r  improved e f f i c ienc ies?
Answers
1.  200 wat ts  9 .  renewab le  and re la t i ve ly  po l lu t ion  f ree
2.  pu t t ing  together  w i th  l igh t  10 .  l t  saves  the  ex t ra  energy  needed in  o ther  s teps .
3 .  1 /10  o f  1  percent  11 .  l f  the  f  i rewood is  purchased i t  i s  no t  economi -
4 .  yes  (They  are  a l l  l i v ing  p lan ts  o r  b iomass. )  ca l .
5 .  yes  (Both  are  b iomass. \  lZ .  be  sure  i t  w i l l  d raw or  func t ion  w i thout  smok-
6 .  i n t e r m i t t e n c e  o f  s u n  a n d  t h e  c o m p l e x  c h e m i c a l  i n g  i n s i d e
changes fo r  s to rage 13 .  doughnuts ,  z igzags  or  la rge  bar re ls  ins ta l led
7 .  s to res  energy  in  p lan ts ,  fu rn ishes  oxygen to  rad ia te  heat
8 .  No.  l t  can  genera te  e lec t r i c i t y .  (Through fe r -  14 .  c lose  doors  and open bo t tom vents
menta t ion  i t  a lso  cou ld  be  made in to  methy l  15 .  Humans cou ld  ea t  cerea l  g ra ins  d i rec t l y  and
a lcoho l . )  omi t  an ima l  p roduc ts .
Pr in ted  w i th  funds  f  rom the  Kentucky  Coopera t ive  Ex tens ion  Serv ice  in  coopera t ion  w i th  the
Kentucky  Depar tment  o f  Energy  as  a  par t  o f  the  Kentucky  Energy  Conserva t ion  P lan .
Off ice. Col lege ol  AgncLt l ture. Untverstty ol  Kenlucky. Room S-105. Agricuttural  Science BL)i tdtng-Notth. Lextngton, Kentucky 40546
C o o p e r a l i v e  E x l e n s i o n  S e r v i c e .  U n i v e r s i t y  o f  K e n l L r c k y  C o l l e g e  o t  A g r i c u l t u r e  L e x i n g l o n .  a n d  K e n t u c k y  S t a t e  U n i v e r s i l y .  F r a n k t o r l .
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